Persistent gender gaps in educational attainment have been examined in the context of differential parental costs of investment in the education of boys versus girls. This paper examines whether disease burdens, especially prevalent in the tropics, contribute significantly to widening gender gaps in educational attainments. We estimate the impact of sudden exposure to the 1986 meningitis epidemic in Niger on girls' education relative to boys. Our results suggest that increases in meningitis cases during epidemic years significantly reduce years of education disproportionately for school-aged going girls in areas with higher meningitis exposure. There is no significant effect for boys in the same cohort and no effects of meningitis exposure for non-epidemic years. We use theory to explore different channels, highlighting income effects of epidemics on households and early marriage of girls in areas with higher exposure during epidemic years. We also use National Aeronautics and Space Administration (NASA) data to investigate the relationship between climate variables and the meningitis epidemic and explore how climate change could potentially worsen social inequality through widening the gender gap in human capital investment. Our findings have broader implications for climate-induced disease effects on social inequality.
There is a vast literature on the positive economic impacts of investment in education (Becker, Murphy, and Tamura, 1990) . In developing countries, where notable gender gaps in educational attainment still remain, the potential economic gains from educating girls are significant (Schultz, 2002; Barro and Lee, 2013) . Though gaps in primary school enrollment have been closing, largely due to national policies promoting free primary education, gaps in educational attainment still remain, partly driven by lower primary completion rates and lower secondary school enrollment rates for girls relative to boys in poorer countries concentrated in Africa and Asia 1 . Some of the reasons given for this persistent gap and associated lower investment of parents in female versus male children have been direct costs related to school fees and opportunity costs related to early marriage of girls, foregone earnings of girls' labor, and gendered expectations of the division of household labor, with girls expected to care for younger siblings and contribute disproportionately to other unpaid domestic work (Schultz, 2002; Hartmann-Mahmud, 2011) .
Another strand of literature has examined the relationship between health shocks and investment in human capital with findings showing a negative relationship between disease/mortality rates and investments in education (Miguel and Kremer, 2004; Almond, 2006; Glewwe and Miguel, 2007; Jayachandran and Lleras-Muney, 2009 ). However, the literature 1 Source: OECD "Closing the Gender Gap" report has been thin in understanding how health shocks and disease burdens contribute to differences in educational attainment and investment in the human capital of girls relative to boys (Glewwe and Miguel, 2007) . Estimating the contribution of health shocks to differential human capital investment by gender is especially important for developing countries in Africa and Asia where the combination of notable gender gaps in educational attainment and higher disease burdens in the tropics can impose a double cost for economic development. This paper's main contribution is to estimate the effect of health shocks on the gender gap in educational attainment by exploiting a quasi-experiment, the 1986 meningitis epidemic in Niger, following previous work in Archibong and Annan (2017) . We estimate a differencein-differences model, interacting an indicator for gender with a continuous cohort-based measure of meningitis exposure during the 1986 epidemic. We find that higher meningitis exposure during the epidemic reduced years of education for school-going aged girls at the time of the epidemic. Interestingly, there is no significant difference in the education of boys exposed to higher or lower meningitis incidence during the epidemic. These results have important implications: first, health shocks disproportionately impact investment in girls' education with direct and opportunity costs of investing in girls' education potentially higher during shocks. Second, a focus on improving attainment through free, mandatory primary education programs means that most of the investment in the education of girls will occur at the primary level in poorer countries. So disease shocks will have disproportionate effects on primary school aged girls, decreasing the likelihood of primary school completion and resulting in lower attainment for girls relative to boys. Third, our findings highlight the need for policies targeting both health and education concurrently to close the gap in educational attainment and maximize economic returns from the associated gains in human capital investment, particularly for poorer countries located in higher disease burden areas in the tropics.
Another contribution of the paper 2 is to highlight the mechanisms through which health shocks might affect gender gaps in human capital investment. We use theory to explore different explanations for the results, citing direct and indirect channels through which epidemics might affect gender gaps in educational attainment (Björkman-Nyqvist, 2013; Islam and Maitra, 2012; Jayachandran and Lleras-Muney, 2009 ) . We explore direct (through health and mortality) and indirect (through income and consumption) effects of meningitis epidemics and provide evidence for the primacy of indirect channels here. Specifically, we show evidence for higher rates of early marriage of girls in districts with higher meningitis exposure during epidemic years. Our results lend support to the health shock as negative income shock channel highlighted in the literature, with girls being "sold" by households for bride price transfers and to reduce the consumption burden on the household during epidemic years (Islam and Maitra, 2012; Corno, Voena et al., 2015; Corno et al., 2016; Loaiza Sr and Wong, 2012) . We also show evidence, supported by a vast literature, for a robust positive association between the age at first marriage and educational attainment for girls (Ashraf et al., 2016) .
Finally, given the growing evidence on the social and economic impacts of climate, a third contribution of the paper is to investigate the linkages between the Harmattan season and meningitis outbreaks to explore the potential implications of Harmattan and associated climate variables on the observed gender gap in human capital investment. Previous work has documented the relationship between yearly variability in meningitis outbreaks and relevant climate variables during the most intense part of the dry season, the Harmattan, from October to December across sub-Saharan Africa (García-Pando et al., 2014; Perez Garcia Pando et al., 2014; Yaka et al., 2008) . We use an instrumental variable approach to link educational attainment to harmattan-induced meningitis outbreaks. The IV results provide further support for our OLS findings.
2 Going beyond work presented in Archibong and Annan (2017) .
We conduct a number of robustness checks to validate our results, with the results robust to alternate specifications of meningitis exposure and placebo testing with unaffected cohorts. A potential concern for our proposal of the indirect economic channel as the main mechanism at work, is the lack of data on mortality rates by gender that would allow us to test for any differential biological effects of meningitis by gender. We refer to the health literature on meningitis impacts as evidence against the direct biological mechanism as the main channel here.
The paper is organized as follows. Section 2 outlines the theoretical predictions that we test in the data. Section 3 provides background on the 1986 meningitis epidemic in Niger. Section 4 describes the data. Section 5 outlines our empirical specification, and Section 6 provides quantitative estimates on the impacts of the epidemic on the gender gap in human capital. Section 7 discusses the potential effect of the Harmattan season on the occurrence and incidence of meningitis outbreak for the following year. Section 8 explores direct and indirect channels, examines the impact of the epidemic on early marriage of girls and evaluates alternative explanations for the results. Section 9 concludes.
Conceptual Framework
This paper tests the hypothesis that aggregate health shocks can have differential impacts on male and female human capital investment choices and outcomes. There are two primary channels through which health can differentially affect human capital, broadly categorized as direct, through health and biology, and indirect channels, through economic impacts on households. Through the direct channel, a health shock like a meningitis epidemic can have different biological effects on male and female infected persons. If, for instance, girls are biologically more likely to die from meningitis, then the evidence could show lower years of education during the epidemic year for girls relative to their male counterpart (Janghorbani et al., 1993; Sen, 1998; Jayachandran and Lleras-Muney, 2009 ). Another way the direct health channel could operate is if there are differential effects by gender on cognitive development from the disease, resulting in lowered educational attainment for girls relative to boys (Almond, Edlund, and Palme, 2009 ).
Through the indirect channel, a health shock like a meningitis epidemic has income effects on the household. The household is modeled as a unitary household with liquidity and credit constraints and the health shock acts as a negative income shock for the household, raising health expenditures, resulting in missed work days/foregone income and raising the costs of domestic care for sick household members. This leads the household to attempt to smooth consumption by reducing expenditure on certain consumption bundles and selling off available assets (Islam and Maitra, 2012) . In many communities, these "assets" include female children where early marriage of girls can increase in response to a negative income shock in bride price societies where income and wealth transfers are made from the groom's family to the bride's family upon marriage (Corno, Voena et al., 2015; Corno et al., 2016) . Corno et al. (2016) outline a model and provide evidence for an increase in early marriages (a reduction in the age at first marriage) in response to income shocks in bride price societies.
Lowered age at first marriage is associated with lower educational attainment with girls often dropping out of school or completing less schooling at the time of marriage, and the early marriage channel could then explain a widened gender gap in attainment in response to the meningitis epidemic.
Drawing on the Nigerien literature and data on meningitis epidemics, we provide evidence for the indirect channel and, following Björkman-Nyqvist (2013) present a simple framework on the relationship between health shocks and the gender gap in educational attainment as follows. Following the unitary household model, within each family i, parents maximize discounted expected utility over two periods and choose to invest in schooling for girls (denoted s g ) and boys (denoted s b ). In period 1, the child works at home, goes to school or both. In period 2, the child is an adult and works for a wage. The parent's optimization problem is as follows:
and
where
and c i t is the parent i's consumption in period t, u is a concave utility function and δ is a discount factor. a i s are cognitive skills with α i s denoted as the learning efficiency of a child of sex s in family i and which is assumed to be equal for boys and girls. s i s is the fraction of time in period 1 spent in school by a child from family i of sex s and defined over the interval 0,1. y t is (exogenous) parental income and p is the schooling price for a child. e i s is an indicator variable that takes 1 if family i sends a child of sex s to school. η s (1 − s i s ) is the income provided from home production in period 2 and γ s y ai s is the share of the child's income transferred to her parents. ω s is the return to education of a child of sex s. Given simple restrictions on the parameters above and outlined in Björkman-Nyqvist (2013), the first order condition for household i, after maximizing the parent's expected utility will be:
and parents will choose to invest in schooling for a child up to where the marginal cost of more schooling, in the form of forgone time for domestic production or foregone income from early marriage for girls, is equal to the marginal benefit, in the form of higher transfers from a more educated and subsequently higher paid (using a standard Mincerian model of returns to education) adult. An implication of the Björkman-Nyqvist (2013) model is "if both s b and s g are greater than 0, a reduction in parental income, y 1 , will on the margin only reduce investment in girls' education.
We use data on higher health costs associated with meningitis outbreaks and early marriage of girls to provide suggestive evidence for the indirect income channel as outlined above in this paper.
1986 Meningitis Epidemic in Niger
Niger is located in the so-called 'meningitis belt' that runs across sub-Saharan Africa (SSA), extending from Senegal in the west to Ethiopia in the far east as shown in Figure 1 . Over 95%
of the Nigerien population resides in the meningitis belt, which is the less desert ecological re- October to December (Perez Garcia Pando et al., 2014) . The season is characterized by hot, dry northeasterly trade winds blowing from the Sahara throughout West Africa; dust particles carried by the Harmattan winds make the mucus membranes of the nose of the region's inhabitants more sensitive, increasing the risk of meningitis infection (Yaka et al., 2008) . In Niger, Yaka et al. (2008) show that 25% of the year to year variance in meningitis Niger has experienced six epidemics since 1986, with the largest lag between epidemics occurring between the 1986 and subsequent 1993 epidemic as shown in Figure 2 4 . The periodicity of epidemics in Niger is around 8-10 years, with epidemic waves in the meningitis belt occurring every 8-14 years (Yaka et al., 2008) . The 1986 epidemic was severe with 15,823 reported cases per 100,000 population and a mortality rate of about 4% 5 . as shown in Figure 3 and Figure 4 . Young children and teenagers are particularly at risk of infection during epidemic years, a fact that puts, and has historically placed, a major share of Niger's population 6 at particular disadvantage during epidemics. Domestic, interdistrict migration is limited in Niger 7 and population size across districts has been stable with the distribution almost entirely unchanged since 1986 and a correlation of .99 and .97 (p < .001) between 1986 district populations and 1992 and 1998 populations respectively 8 . We assess individual 4 Though there is no subnational record of epidemics available prior to 1986, historical records suggest that the last epidemic prior to 1986 occurred in 1979 in Niger (Yaka et al., 2008; Broome et al., 1983) .
5 Calculated from WHO data, details presented in Section 4. 6 Where the median age has remained at 15 years old for over a decade. Source: DHS and UNICEF statistics.
7 With most migration consisting of young male seasonal migrants in the northern desert regions, traveling internationally to neighboring countries for work during during dry months (Afifi, 2011) .
8 Source: Author's estimates from DHS data.
exposure to the 1986 meningitis epidemic based on a geographically based assignment at the district level, given low levels of interdistrict migration in the country.
Data and Cohorts
We combine district level records on meningitis cases per 100,000 population from the World We rely on information about the birth year to construct school-aged specific cohorts and their exposure to the 1986 meningitis epidemic. Three categories are defined which include ages 0-5, 6-12 and 13-20 with reference to 1986. These age bands reference the Nigerien school going requirements/context where 6-12 and 13-20 age categories correspond to primary and secondary school going ages respectively, and 0-5 are non-school going. While the mandatory school going start age is 7, we allow our primary school category to start from 6 to control for early school going children. The bands contain enough observations to ensure that estimations are not done on empty cells and also help to control for age misreporting in the sample. Our overall results are insensitive to marginal changes in the age cutoffs. We predict that the largest magnitudes in reduction of female education during the epidemic will be for primary school aged going children given statistics on low secondary school enrollment rates in the country 10 . Conversely, we should see no or little effect of meningitis exposure on years of education for non-school aged girls (between ages 0-5) during the epidemic year. Figure A2 depicts district level mean wind speeds during 10 Source: UNICEF statistics. 11 MERRA-2 is an atmospheric reanalysis data product that assimilates historical observation data over an extended period. https://disc.sci.gsfc.nasa.gov/datasets. the more intense part of the Harmattan season (October-December) versus the less intense part of the Harmattan season (January-March) during the epidemic period.
To test hypotheses on the risk of early marriage of girls rising during meningitis epidemic years and leading to lowered educational attainment, we use data from the DHS men's and women's subsamples with summary statistics provided in Table 10 .
Empirical Framework
For our main results, we estimate panel regressions of school-aged specific cohorts a linking years of education for individual i in district d at survey round r to measures of meningitis exposure MENIN adt that are interacted with the gender of the individual female ig :
where t and g index the birth year and gender respectively. This specification includes district fixed effects µ d which capture unobserved differences that are fixed across districts.
The birth year and survey round fixed effects, δ t and δ r respectively, control for changes in national policies (e.g. immunization campaigns), potential life cycle changes across cohorts and other macro factors. Note that the birth year fixed effect subsumes cohort specific dummies since cohorts are defined based on birth year and the meningitis reference year 1986. The model also includes uninteracted terms for gender and meningitis exposure.
Our key parameter of interest is γ ag , which is allowed to vary across cohorts. This measures the impact of MENIN on female respondents' education relative to their male counterparts, using variation across districts and the 1986 meningitis epidemic and identified based on standard assumptions in a difference-in-differences model. MENIN is measured in two ways. In the first case, we calculate the mean weekly cases of meningitis per 100,000 population recorded in a district (MENIN Cases). The second case modifies the first measure by interacting it with the number of months for which meningitis incidence is strictly positive (MENIN Intensity). The implied key variable of interest is therefore constructed by interacting the MENIN measures with gender. Estimations are done using OLS and standard errors are clustered at the district level. Robustness checks and falsification tests on our identifying assumptions are presented in the results section.
To test hypotheses concerning age at first marriage and meningitis exposure, we estimate OLS regressions of meningitis cases per 100,000 population on age at first marriage using district, year and year of birth fixed effects where possible. Table 2 reports estimates from two specifications for our two measures of meningitis exposure (i.e., MENIN Cases; MENIN Intensity) using 1960-1992 cohorts. Columns 1a and 1c display results for the linkages between educational attainment, gender and meningitis exposure at cohorts-level. The gender variable is negative and significant in both columns, documenting the existing gender gap between males and females in favor of males. Meningitis exposure across almost all cohorts is negative and insignificant. It is barely significant at 10% only in the MENIN Intensity measure for primary school cohorts.
Results
Our main results are in columns 1b and 1d of Table 2 where we interact the meningitis exposure measures with gender to examine gender-differentiated impacts of the meningitis burden on educational investments. Gender is negative and significant. What is striking is that only interaction terms for the school going cohorts are negative and strongly significant at conventional levels. The interaction estimates are economically large in magnitude especially in the MENIN Cases measure. Interpreting the results from the MENIN Cases measure in column 1b, a case increase in the mean weekly meningitis cases per 100,000 population in each district is associated with a reduction of -.044 years of schooling or a 3% to 4% decrease in years of education 12 per case exposure, relative to the mean for female respondents of primary school going age during the epidemic year. Primary school aged female respondents in higher case exposure districts experience significant reductions in their years of education relative to their counterparts in lower case exposure districts during the epidemic year. Similar results are found for the secondary school aged female sample, with increases in meningitis case exposure associated with a reduction of -.03 years of schooling or 2% to 3% decrease in years of education, per case exposure relative to the mean for the female cohort. Reassuringly, the interaction is not significant for non-school going aged female respondents at the time of the epidemic.
We conduct various falsification/sensitivity tests. First, the results are robust to small changes/modifications in cohort age cutoffs (Table 3) . Our main results are derived using the definition of cohorts based on the 1986 epidemic. In alternate specifications presented in Table 4 , we examine school going and non-school going aged cohorts based on the 1990 nonepidemic year. Table 4 reports estimates for cohorts defined based a reference non-epidemic year 1990. We find no effect of meningitis exposure for the primary school aged category across all relevant specifications, which is what we would expect 13 . There is evidence of effects for the secondary school aged category. The secondary cohorts are essentially capturing effects of initial exposure to the 1986 epidemic when such cohorts were in primary school 14 .
The sign on the 0-5 group is significantly positive which suggests positive investment in education during non-epidemic years 15 . These robustness checks and falsification results 12 Relative to the unconditional and conditional mean years of education respectively. 13 Note since attainment is cumulative, some of this effect captures a long run effect of initial exposure in 1986. The primary school-aged cohort in 1990 includes some of the non school-aged populations in 1986.
14 Again due to slight serial correlation between 1986 and 1990 exposure as explained in the previous footnote.
15 It could also suggest a reversal in district exposure during the 1993-1996 epidemics for respondents from these districts who would be in the primary school aged categories during that period. We address the make it less likely that we are picking up any spurious/confounding effects in our main results.
Our results suggest that meningitis epidemic health shocks disproportionately impact investment in girls' education potentially due to increases in the direct and opportunity costs of parental investment in girls' education during epidemic years. Epidemic years and higher than expected meningitis exposure might mean a contraction of the household budget constraint due to lost wages and increased health costs associated with the epidemic. Direct costs associated with fees might be higher when the household budget constraint shifts inward. Opportunity costs might rise with girls' labor increasingly commanded to care for sick family members or act as substitute labor for sick family members during the epidemic years 16 . One way that parents might respond to rising costs is by selling off "assets", or female children, to reduce consumption burdens and accrue income from bride price transfers from grooms' families to brides' families as discussed in Section 2 and Corno et al. (2016) .
Harmattan-Induced Meningitis and Educational Gender Gaps
Though the causes of meningitis epidemics and the mechanisms of disease transmission are not well understood, the environmental health literature has identified climatic variables as explaining up to 30% of the intra and inter country variation in meningitis exposure in certain countries within the meningitis belt (García-Pando et al., 2014; Perez Garcia Pando et al., 2014; Yaka et al., 2008) . In Niger, García-Pando et al. (2014) find that wind speeds 17 and dust conditions during the harmattan months from October to December in the year prior to the meningitis year, correlate significantly with meningitis outbreaks in the proceeding year.
subject of cumulative effects in ongoing work.
16 Hartmann-Mahmud (2011) documents this phenomenon in her case study research interviewing Nigerien women.
17 Zonal winds and meridional winds, and zonal winds in particular (García-Pando et al., 2014) .
In this section, we directly investigate how Harmattan induces variations in meningitis to explain the observed gender gaps in educational attainment. We use an instrumental variable approach to link educational attainment education iadrg to our cohort-level meningitis exposure and gender:
where 
First Stage: Link between Harmattan and Meningitis
The season of Harmattan in the previous period is a strong instrument and induces significant variation in households' exposure to meningitis. Tables 5 and 6 report the first-stage F-statistics both for meningitis cases and intensity, respectively. For each meningitis scenario, we present three sets of results that reflect three different candidate instruments. The instruments include (i) the average wind and dust concentration from 1985 (column 1), (ii) the average wind and dust concentration in the last quarter of 1985 (column 2), and (iii)
18 I.e., From baseline district differences and the 1986 meningitis epidemic exposure.
the actual monthly wind and dust observations from the last quarter of 1985 but excludes district fixed effects (column 3).
Our preferred specification is column (2): averages the Harmattan variables over the Harmattan season with controls for district level climate and potential unobserved heterogeneity. The null hypothesis that all coefficients of the Harmattan season and climate or weather variables are jointly zero can be easily rejected at conventional significance levels.
All F-statistics in columns (1) and (2) are above 10, satisfying the usual cutoff value for weak instruments, in all meningitis scenarios. Since the first stage F-statistic is less than 10 in our third measure of Harmattan, we do present results for this instrument in our second stage analysis that examines the relationship between meningitis and educational gaps by gender.
Second Stage: Harmattan-Induced Meningitis and Educational Gendergaps
We used two-stage-least-squares (2SLS) to estimate the above equations, and report the second stage results in Tables 7 and 8 . The columns follow the same layout as the previous baseline tables. Columns (2) and (4) include the interaction terms between gender and meningitis exposure at cohorts-level while columns (1) and (3) Tables 5 and 6 are all above the usual cutoff point of 10 for concerns of weak instruments.
The estimated impacts for MENIN cases imply that a case increase in the mean weekly meningitis cases per 100,000 population in each district is associated with an average reduction of -0.057 years of schooling or about 4.7% to 4.9% decrease in years of education per case exposure, relative to the mean for female respondents of primary school going age during the epidemic year. Our 2SLS results suggest significant gender-differentiated negative impacts (disproportionately against school-aged cohort females) of meningitis induced by the Harmattan season. The 2SLS results re-affirm our baseline OLS estimates in Table 2 (i.e., in terms of the sign of the relevant coefficients), but the estimated impacts under the 2SLS
are slightly larger suggesting a slight downward bias of the estimated baseline impacts by gender. Together, the 2SLS analysis allows us to adjust for this potential bias while examining how exogenous variation in meningitis exposure induced by Harmattan could propagate into differential human capital investments by gender.
Indirect and Direct Channels: Economic and Health Responses
Section 2 outlined the expected direct and indirect channels through which health shocks like the meningitis epidemic might be expected to affect gender gaps in human capital investment.
The following subsections explore these mechanisms and find evidence in favor of the indirect economic channel. The high economic costs of disease burdens during epidemic years induce households to marry off their daughters at earlier ages.
Indirect Channels: Economic Responses and Gender Gaps
Documented data on health expenditure on other countries in the meningitis belt suggest that the indirect channel, through increased direct and opportunity costs following a meningitis expenditure might be the primary channel through which the epidemics affect differential household investment in girls' and boys' education (Colombini et al., 2009 (Colombini et al., 2009 ). In the presence of these high costs, studies have documented that one way parents try to smooth consumption is to reduce investment in girls' human capital relative to their male siblings (Barcellos, Carvalho, and Lleras-Muney, 2014; Corno et al., 2016) . We examine one important method of doing this which is through increased early marriage of girls in Section 8.1.1.
Meningitis Epidemic, Early Marriage and Educational Attainment
Niger has the highest rates of early marriage in the world, with 75% of girls married before the age of eighteen (Loaiza Sr and Wong, 2012) . Niger is also part of a number of countries in the world, particularly in sub-Saharan Africa, that engages in bride price transfers of wealth from grooms' families to brides' families at the time of marriage. Previous studies have documented increases in the risk of early marriage following negative income shocks to households, and we provide evidence of this following the epidemic (Corno et al., 2016) .
First, we confirm findings from the literature on age at first marriage and document positive, significant associations between age at first marriage and years of education for school going aged female populations during the epidemic (1986) and non-epidemic (1990) years in Table   11 . The coefficients remain stable, strongly significant and positive at around .3 for school 19 Vaccines are technically free during epidemics, however information asymmetry among health care workers and shortages of vaccines often raise the price of medication (Colombini et al., 2009). going aged female populations during the epidemic and non-epidemic years as shown in columns (1)-(2) and (5)-(6). Interestingly, for the male sample, while there is a significant, positive but much smaller coefficient of association (around .06) between age at first marriage and years of education for males who where school going aged during the epidemic year, there is no significant association between age at first marriage and years of education for males who were school going aged during the non-epidemic year as shown in column (8) of Table 11 .
The results suggest that the association between age at first marriage and years of education is much stronger for women than men in the sample.
Next, to explore the relationship between age at first marriage and meningitis exposure, particularly during epidemic years, we chart age at first marriage cumulative hazards with results shown in Figure 6 . Figure 6 shows age at first marriage cumulative hazard for male and female school going aged populations by meningitis exposure in epidemic (1986) and nonepidemic years (1990). In above the national meningitis districts (denoted as 'High Menin' in the figure), hazard rates are noticeably higher for both male and female respondents during the epidemic year. The magnitude is larger for female respondents during the epidemic year, who are typically also married at earlier ages (the mean age at first marriage is about 15 years old as shown in Table 10 for women versus about 21 years for men in the school going aged cohort during the 1986 epidemic year) than their male counterparts. Quantitatively, female respondents who were school going aged during the 1986 epidemic year are almost two times more likely to marry earlier in high (above the national mean) meningitis exposed districts than in low (below the national mean) meningitis exposed districts. The trend in the 1990 non-epidemic year is reversed with age at first marriage higher in high meningitis exposed districts for school going aged males and females during the 1990 non-epidemic year. Given these trends in the raw data we assess significance, estimating regressions with OLS, with results shown in Table 12 . The first set of results in column (3) of Table 12 show significant negative associations (about -.024) between meningitis cases and age at first marriage for the female school going aged sample as of the time of the epidemic, with no significant effect for the comparable male sample. In contrast, there is no significant association between meningitis cases and age at first marriage for either the female or male school going aged samples during the non-epidemic test year, 1990 as shown in column (6). The results provide support for the indirect channel discussed in Section 2 and Section 8 where the epidemic acts as a negative income shock leading households to smooth consumption by "selling" their daughters for a bride price, reflected in the lowered age at first marriage during epidemic years but not non-epidemic years and with the effects significant for girls but not boys.
Direct Channels: Health and Gender Gaps
On the direct, health channel, given the lack of data on infection and mortality rates by gender, we refer to the epidemiology and health literature on the biology of meningitis infection. First, there is little documented evidence on differential infection and mortality rates of meningitis by gender (Trotter and Greenwood, 2007) . A simple regression on the female share by district and mortality rates during the epidemic year reveals no direct trends as shown in Table 9 , although this is unsurprising given that the magnitude of the mortality effect to see a response in female populations would have to be extremely large. Another way the direct health channel might operate is if girls, when they are sick, are less likely to be treated or as quickly treated as boys due to gender bias in parental investment in children as has been documented in other studies (Barcellos, Carvalho, and Lleras-Muney, 2014 ). This might also lead to differential mortality by gender during the epidemic, though the size of this effect is difficult to estimate given the paucity of data. Similarly, if treatment or time to treatment differs by gender, then there might be more incidences of long-term neurological damage in girls over boys which might affect school investment choices and lead to lower attainment as well.
Evaluation of Alternative Hypotheses
This section further evaluates the robustness of the estimated effects of meningitis exposure on the gender gap in years of education, and the relationship between the age at first marriage and meningitis exposure.
Impact of Concurrent Shocks
One potential hypothesis is that concurrent rainfall shocks, common in SSA, might explain the relationship between meningitis and the gender gap in years of education identified in this paper. To test this, we re-estimate Equation 5 by interacting the various cohorts with precipitation shocks. Precipitation shocks are defined as average district level precipitation differenced from the national mean during the 1986 epidemic year. The results are reported in Table 13 . Each column in the table denotes different model specifications, with and without controls for temperature 20 . The results show no effect of precipitation shocks on gender gaps in education across all cohorts, lending further support to the estimated effect of meningitis exposure during the epidemic year.
Meningitis, Wealth and Age at First Marriage
In section 8.1.1, we argue that the primary channel underlying the differential gender impacts of meningitis is that girls are married off, particularly at early ages. This will be especially true for liquidity constrained households. We reaffirm this by estimating a model that links age at first marriage with liquidity. Using data on assets from the DHS 21 , we use , we 20 Controlling for temperature is important since it is correlated with precipitation (Schlenker and Roberts, 2009) . 21 The wealth index is based on ownership of the following 20 assets in the DHS women's sample: electricity, durables (e.g. radio, tv, fridge, car, bicycle), water and sanitation infrastructure and housing structure (e.g. dirt floor, cement floor). For lack of DHS data for 1986, we proxy the wealth status using available data for 1992 and 1998. This assumes that the wealth of current respondents is strongly correlated with their previous households. This might be a strong assumption but seems reasonable in Niger since distributional measures, like the Gini coefficient, have remained largely unchanged over the past two decades. construct a wealth index and define liquidity or asset constrained households as those located in the lower parts of the asset distribution. The results are reported in Table 14 . The first column excludes interactions between meningitis and asset quintiles; the second includes the interactions. As expected, column 1 shows that age at first marriage for female respondents is likely higher in the less liquidity constrained households (above the third quintile) as compared to the constrained. There is a significant negative effect of sudden exposure to meningitis on the age at first marriage for women belonging to asset constrained households.
Estimates from the second column show that the impact of meningitis exposure on asset constrained households is significantly larger. In particular, meningitis has limited impact on the age at first marriage for the less constrained. Note that the estimate for the less constrained categories are similar in both specifications. Finally, columns 3 and 4 replicate the analysis using a non-epidemic year, 1990. There is no evidence of meningitis impact on the age at first marriage of female respondents and its interaction with wealth/asset status, lending further support for the early marriage channel following meningitis epidemics.
Conclusion
Our analysis of the effects of exposure to the 1986 meningitis epidemic on educational attainment of school aged girls in Niger, reveals that the gender gap widened during the epidemic year. The effect is particularly significant for primary school aged girls at the time of the epidemic, since most of the investment in education happens at the primary level. We find a significant decrease in years of education for school aged female respondents at the time of the epidemic with no significant effect for their male counterparts. Given the evidence on the intergenerational returns to female education and the potential economic returns to closing the gender gap, these results highlight the need for dual policy addressing both education and health to target the gender gap in educational attainment. We also provide evidence on http://povertydata.worldbank.org/poverty/country/NER. the links between meningitis outbreaks and Harmattan season intensity, prompting further discussion on the role of climate-induced disease on worsening social inequality.
We provide evidence for the an indirect economic channel where the epidemic acts as a negative income shock prompting households to smooth consumption by cutting back on education expenditures of girls and selling daughters in exchange for bride price wealth transfers. A consequence of this is lowered age at first marriage for girls during epidemic years and less years of education, which would explain the widened gender gap during the epidemic year. An important contribution of the paper is to show that disease burdens and health shocks contribute significantly to widening gender gaps in educational attainment with associated implications for development in poorer countries. This line of research has broader implications for climate-induced disease effects on social inequality. 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 1992 1998 1992-1998 1992 1998 1992-1998 1992 1998 1992-1998 100,000 population) exposure for cohort at specified ages during the 1986 epidemic year. MENIN intensity is the meningitis exposure explanatory variable measured as district level case exposure for cohort at specified ages during the 1986 meningitis epidemic year multiplied by number of months of exposure (with greater than zero cases). Mean level of education in the sample is 1.22, and the standard deviation is 2.7. Mean level of education for boys in the sample is 1.51 and the mean level of education for girls in the sample is 0.94. The estimates represent 3% to 4% and 2% to 3% reduction in education for girls in the primary school going age sample (ages 6-12) and secondary school going age sample (ages 13-20) respectively relative to the unconditional and conditional means. * * * Significant at the 1 percent level, * * Significant at the 5 percent level, * Significant at the 10 percent level. Notes: Regressions estimated by OLS. Robust standard errors in parentheses clustered by district. Dependent variable is years of education across all specifications. MENIN cases is the meningitis exposure explanatory variable defined as average district level weekly case (per 100,000 population) exposure for cohort at specified ages during the 1986 epidemic year. MENIN intensity is the meningitis exposure explanatory variable measured as district level case exposure for cohort at specified ages during the 1986 meningitis epidemic year multiplied by number of months of exposure (with greater than zero cases). * * * Significant at the 1 percent level, * * Significant at the 5 percent level, * Significant at the 10 percent level. Notes: Regressions estimated by OLS. Robust standard errors in parentheses clustered by district. Dependent variable is years of education across all specifications. MENIN cases is the meningitis exposure explanatory variable defined as average district level weekly case (per 100,000 population) exposure for cohort at specified ages during the 1990 non-epidemic year. MENIN intensity is the meningitis exposure explanatory variable measured as district level case exposure for cohort at specified ages during the 1990 non-epidemic year multiplied by number of months of exposure (with greater than zero cases). Mean level of education in the sample is 1.22, and the standard deviation is 2.7. Mean level of education for boys in the sample is 1.51 and the mean level of education for girls in the sample is 0.94. * * * Significant at the 1 percent level, * * Significant at the 5 percent level, * Significant at the 10 percent level. (1)- (3) differ based on the included variables. Column (1) includes the average wind and dust concentration from 1985, column (2) includes the average wind and dust concentration in the last quarter of 1985 (Harmattan season), while column (3) includes the actual monthly observations from the last quarter of 1985 but excludes the district fixed effects. Errors are clustered at the district level. * * * Significant at the 1 percent level, * * Significant at the 5 percent level, * Significant at the 10 percent level. Table reports the results from regressions of meningitis intensity on previous Harmattan season and current weather variables: temperature and precipitation at the district level. Columns (1)- (3) differ based on the included variables. Column (1) includes the average wind and dust concentration from 1985, column (2) includes the average wind and dust concentration in the last quarter of 1985 (Harmattan season), while column (3) includes the actual monthly observations from the last quarter of 1985 but excludes the district fixed effects. Errors are clustered at the district level. * * * Significant at the 1 percent level, * * Significant at the 5 percent level, * Significant at the 10 percent level. Columns (1)- (4) differ based on how the exposure to meningitis is defined and its interaction with gender. Columns (2) and (4) include the interaction terms between cohort level meningitis exposure and gender, while columns (1) and (3) omit the interactions. Errors are clustered at the district level. * * * Significant at the 1 percent level, * * Significant at the 5 percent level, * Significant at the 10 percent level. (4) differ based on how the exposure to meningitis is defined and its interaction with gender. Columns (2) and (4) include the interaction terms between cohort level meningitis exposure and gender, while columns (1) and (3) , 1985-1986 
